The purpose of this study was to evaluate the diagnostic value of circulating miR-765 and miR-149 as noninvasive early biomarkers for geriatric coronary artery disease (CAD) patients. A total of 69 angiographically documented CAD patients including 37 stable CAD (72.9 ± 4.2 years) and 32 unstable CAD (72.03 ± 4.3 years) and 20 healthy subjects (71.7 ± 5.2 years), matched for age, sex, smoking habit, hypertension, and diabetes, were enrolled in this study. Compared with healthy subjects, circulating miR-765 levels were increased by 2.9-fold in stable CAD and 5.8-fold in unstable CAD patients, respectively, while circulating miR-149 levels were downregulated by 3.5-fold in stable CAD and 4.2-fold in unstable CAD patients, respectively. Furthermore, plasma levels of miR-765 were found to be positively correlated with ages within control, stable, and unstable groups. The ROC curves of miR-765 and miR-149 represented significant diagnostic values with an area under curve (AUC) of 0.959, 0.972 and 0.938, 0.977 in stable CAD patients and unstable CAD patients as compared with healthy subjects, respectively. Plasma levels of miR-765 and miR-149 might be used as noninvasive biomarkers for the diagnosis of CAD in geriatric people.
Introduction
Coronary artery disease (CAD) is the leading cause of morbidity and mortality in the world. On an average, CAD caused 1 of every 6 deaths in the United States. Approximately, 80% of people who die of CAD are ≥65 years of age. Prevalence of CAD will increase ≈18% by 2030 [1] . Early diagnosis of CAD has an important role in patient management. In recent 30 years, big progress has been made to improve the diagnosis, treatment, and prognosis for CAD and to reduce the morbidity and mortality rate. Coronary angiogram (CAG) is the well-established invasive method for diagnosis of CAD. However, there is still a clinical need for novel diagnostic noninvasive biomarker and new therapeutic interventions to decrease CAD incidence. Circulating miRNAs seem to be promising highly sensitive novel noninvasive biomarkers for early diagnosis of CAD [2, 3] .
MiRNAs are highly specific, endogenous, small (∼22 nucleotides), single-stranded, noncoding RNAs that regulate gene expression at the posttranscriptional level by binding to the 3 untranslated region (UTR) through their target mRNAs [4] . MiRNAs are critically involved during cardiogenesis as well as progression of CAD [5] . In fact, miRNAs are now well recognized as key regulatory molecules in endothelial cells (ECs), vascular smooth muscle cells (VSMCs), platelets, and immune cells that contribute to the initiation and progression of atherosclerosis [6] . It has been revealed that several miRNAs (miR-10a, miR-19a, miR-23b, miR-17-92, miR-21, 2 BioMed Research International miR-24, miR-92a, miR-101, miR-126, miR-145, miR-155, miR-205, miR-663, and miR-712) are significantly expressed in the vasculature and show altered expression during various vascular disorders, such as vascular injury, atherosclerosis, angiogenesis, and arterial remodeling [7, 8] , whereas miR29b, miR-24, and miR-365 play a key role in prevention of atherosclerosis through modifying their targets [9] [10] [11] .
MiRNAs that are present in serum or plasma are collectively called circulating miRNAs, which are extremely stable in boiling water, prolonged room temperature incubation, or repetitive freezing-thawing cycles and highly resistant to plasma RNase activity due to internalization in vesicles and binding to circulating proteins [12, 13] . Several recent studies have reported that circulating miRNAs expression levels altered in patients with stable coronary artery disease (SA) [14] , unstable angina (UA) [15] , acute coronary syndrome (ACS) [16] , acute myocardial infarction (AMI) [17] , and heart failure [18] .
In addition, some circulating miRNAs (such as miR-208b, miR-499, miR-1, miR-126, miR-423-5p, miR-142-3p, miR-486-3p, miR-150-3p, miR-26a-5p, and miR-191-5p) have been identified as novel biomarkers for diagnosis of AMI and HF [19] [20] [21] [22] [23] . However, there is limited information on the value of circulating miRNAs as noninvasive biomarkers for diagnosis of CAD in geriatric patient.
Therefore, in the present study, we assessed the plasma levels of miR-765 and miR-149 in geriatric patients with CAD to see whether they could be used as novel noninvasive biomarkers for diagnosis of CAD.
Materials and Methods

CAD Subjects.
The protocol of this study was supported according to the principles of the Declaration of Helsinki. The study was approved by the Medical Ethics Committee of Xiangya Hospital, Central South University, Hunan, China. Written informed consent was obtained from all the participants at the time of enrollment.
Angiographically, documented sixty-nine CAD patients were enrolled in this study from cardiology department of Xiang Ya Hospital between July 2012 and September 2013. CAD was defined as at least one major epicardial vessel with ≥50% stenosis, assessed by quantitative coronary angiography, and evaluated independently by two operators, who made visual estimation of luminal narrowing in multiple segments based on a modified form of the AHA/ACC classification of the coronary tree.
CAD was also categorized as either stable or unstable according to ACC/AHA guidelines [24, 25] . Stable coronary artery disease patients showed typical chest pain on exertion associated with ST segment depression >1.0 mm on an exercise tolerance test (ETT). However, unstable coronary artery disease was defined as chest pain occurring at rest or minimal exertion and usually lasting >20 minutes, recent onset (within one month) or with a crescendo pattern (i.e., more severe, prolonged, or frequent than previously), without elevated myocardial necrosis related cardiac serum markers including creatine kinase (CK-MB) and troponin I or T levels.
The inclusion criteria of CAD subjects were age of 65 to 85 years and CAD confirmed by CAG. The exclusion criteria of CAD subjects were as follows: acute myocardial infarction (AMI); elevated cardiac troponin I (cTnI) or creatine kinase (CK-MB) levels; impaired left ventricular ejection fraction (LVEF) ≤45%; congestive heart failure; severe hepatic and renal dysfunction; and ongoing inflammatory and malignant disease.
Healthy
Subjects. Twenty healthy subjects matched for age, sex, smoking habit, hypertension, and diabetes were recruited in this study. The criteria for controls were as follows: age of 65 to 85 years, ECG, ETT, and echocardiogram reports within normal limit, no history of CAD or stroke, without evidence of acute or chronic hepatic and renal disease, and not be hospitalized for at least 4 months prior to participation. All subjects provided written informed consent at the time of enrollment.
Plasma Samples
Collection. Peripheral 5 mL venous blood samples were collected in EDTA coated tubes from patients and healthy subjects at Xiang Ya Hospital and processed within 30 min. Plasma was prepared following a two-step centrifugation procedure. After plasma separation from blood, samples were first centrifuged at 1.500 ×g for 15 at 4 ∘ C. The supernatant was collected and then centrifuged again at 14.000 ×g for 15 at 4 ∘ C to obtain pure plasma and subsequently supernatant was transferred to RNase-free tubes and stored at −80 ∘ C until use.
RNA Extraction from Plasma.
Total RNA was isolated by using a TRIzol-based miRNA isolation protocol (Invitrogen). Firstly, 250 L of plasma was mixed briefly with 750 L of TRIzol, incubated for 5 min at room temperature (RT), and then mixed with 200 L chloroform, incubated for 3 min at RT. The aqueous, inter, and organic phase were separated by centrifugation at 4 ∘ C, at 12,000 rmp for 15 min. Secondly, the upper aqueous phase was collected and subsequently mixed with 500 L of 100% isopropanol and incubated at −20 ∘ C for overnight and after that centrifuged at 4 ∘ C, at 13000 rmp for 15 min for precipitation. RNA samples were washed 2 times with 500 L of 80% ethanol and centrifuged again at 4 ∘ C at 7500 rmp for 10 min. Finally, supernatants were eliminated and dried for 5 min. Then, RNA samples were dissolved in 30 L of RNAse-free (DEPC) water and incubated for overnight (8 hours) at 4 ∘ C. Afterward, the RNA concentrations were quantified with a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies Inc., Wilmington, USA) and stored at −80 ∘ C for future use.
miRNAs Expression Analysis by Quantitative PCR.
We used real-time quantitative reverse-transcription PCR (qRT-PCR) to validate the miRANs expression. Initially, 4 L of total pure RNA was reverse-transcribed (RT) to cDNA at 42 ∘ C for 30 minutes using miRNA-specific reverse transcription kits (RiboBio, Guangzhou, China) according to the instructions of the manufacturer, using a RT-PCR System (BIO-RAD, USA). Subsequently, 2 L of cDNA was used as the template in real-time quantitative PCR reaction. Plasma miR-765 and miR-149 expression were measured using SYBR Green miRNA quantitative reverse transcription polymerase chain reaction kits (Takara, Dalian, China) according to the manufacturer's protocol, using a 7300 Real-Time PCR System (Applied Biosystems, CA, USA). Melting curve analysis was performed at the end of the PCR cycles in order to confirm the specificity of the expected PCR product. miR-156a was used as the normalization control. PCR was performed in triplicate for each sample for both control and each miRNA at the same time. The Ct (cycle threshold) values were determined using SDS2.1 software. The relative expression of specific miRNA was calculated by the comparative Ct method, which was defined as 2 −ΔCt , ΔCt = (Ct miRNA of sample −Ct 156aRNA of sample ). The Ct values from qRT-PCR assays between 15 and 35 were considered to be expressed. To minimize the number of errors, we only considered those miRNAs whose expression in CAD and unstable CAD patients significantly differed from the controls at least more than 2-fold.
Clinical and Laboratory
Assays. Plasma cardiac troponin I (cTnI), creatine kinase (CK-MB), and lactate dehydrogenase (LDH) levels were measured using the Access Immunoassay System (Beckman Coulter). Fasting blood sugar (FBS), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), aspartate aminotransferase (AST), alanine aminotransferase (ALT), blood urea nitrogen (BUN), creatinine (Cr), uric acid (UA), and high-sensitivity C-reactive protein (hs-CRP) were measured by automatic analyzer (Hitach75, Tokyo, Japan). Clinical history, physical examination, serial 12-lead ECG, echocardiogram, and medication records were also collected.
Statistical Analysis.
Clinical data were analyzed with SPSS software (version 16.0; SPSS, Chicago, IL) and presented as mean ± standard deviation (SD). Circulating miRNAs expression data were analyzed and graphs were constructed by GraphPad Prism version 6 for Windows (GraphPad Software, San Diego, CA, USA) and reported as mean ± standard error of the mean (SEM 
Expression Pattern of Circulating miR-765 and miR-149
Levels in Coronary Artery Disease Patients. We measured miR-149 and miR-765 levels in plasma from stable and unstable coronary artery disease patients to determine whether circulating miRNAs levels were correlated with CAD or not ( Figure 1 ). We found that circulating miR-765 levels were significantly increased by 2.9-fold in stable CAD and 5.8-fold in unstable CAD patients, respectively, compared with healthy subjects ( < 0.001) while circulating miR-149 levels were significantly downregulated by 3.5-fold in stable CAD and 4.2-fold in unstable CAD patients, respectively ( < 0.001). 
Diagnostic Value of Circulating miRNAs in CAD Patients.
To investigate the diagnostic accuracy of circulatory miRNAs (miR-765, miR-149) as potential biomarkers of CAD, receiver operating characteristics (ROC) curve analysis was performed. The ROC curve of miR-765 reflected a significant separation between stable CAD patients and controls and unstable CAD patients and controls, with an area under curve (AUC) of 0.959 and 0.972, respectively, for the diagnosis of CAD patients (Figures 2(a) and 2(b) ). Similarly, The ROC curve of miR-149 also showed a strong ability to distinguish between stable CAD patients and controls and unstable CAD patients and controls, with an area under curve (AUC) of 0.938 and 0.977, respectively, for the identification of CAD patients (Figures 2(c) and 2(d) ). It was suggested that circulating miR-765 and miR-149 might be used as the potential biomarkers for early diagnosis of CAD in geriatric patients.
Role of Age Variation of miR-765 and miR-149 in Different Groups.
We examined plasma miRNAs expression at different ages (Table 2) ; we found that plasma levels of miR-765 were significantly ( < 0.05) correlated with different ages within control, stable, and unstable groups. In contrast, plasma levels of miR-149 among three groups with different ages were not statistically significant. of reperfusion therapy to potentially decrease the morbidity and mortality rate of CAD. Based on their rapid release and stability in plasma, some circulating miRNAs such as miR208b, miR-499, miR-1, and miR-133 have been demonstrated as novel diagnostic biomarkers in patients with acute myocardial infarction and acute coronary syndrome [2, 19, [26] [27] [28] . Circulating miR-30a, miR-126, and let-7b might be useful biomarkers in patients with ischemic stroke [29] , whereas circulating miRNAs (miR-16, miR-25) serve as novel biological markers for the diagnosis of intracranial aneurysms (IAs) [30] . Circulating miR-451 and miR-1246 may be considered potential biomarkers for early detection of mild-to-severe human pulmonary hypertension (PH) [31] , while circulating levels of miR-21, miR-126, miR-155, and miR-210 may be used as useful biomarkers for the diagnosis of essential hypertension patients [32] . Very recently, it has been found that serum levels of miR-10a, miR-31, miR-92a, and miR-155 have strong correlation with tissue expression and can be used as noninvasive biomarkers for heart transplant rejection [33] . Plasma levels of miR-483-3p and miR-21 are highly expressed in pancreatic cancer patients compared with controls [34] . Circulating miR-133a, miR-208a, miR-31, and miR-135a levels were significantly upregulated and miR-126, miR-17, miR92a, and miR-155 levels were obviously downregulated in coronary artery disease patients [8, 35] .
Discussion
However, circulating miRNAs levels in geriatric CAD patients have not been previously evaluated. We have chosen geriatric patients into our work due to the following reasons: (i) CAD is very common after the age of 65 years; (ii) elderly CAD patients frequently present with atypical symptoms such as dyspnea and/or epigastric discomfort without chest pain, and uninterpretable ECG, as a result, is a challenging problem to diagnose CAD; (iii) though invasive CAG techniques are the best method for diagnosis of CAD, it has various complications. The present study investigated the plasma levels of circulating miR-765 and miR-149 to establish their potential role as CAD biomarkers in elderly patients.
In the present work, we found that plasma level of miR-765 was significantly ( < 0.001) elevated, while plasma level of miR-149 was remarkably ( < 0.001) decreased in stable and unstable coronary artery disease patients compared with healthy subjects, respectively. It has been reported that circulating miR-765 levels were markedly increased in patients with traumatic brain injury (TBI) and pregnant women with neural tube defects (NTDs) fetuses, suggesting that miR-765 may be used as a useful clinical biomarker for diagnosis of TBI and NTDs [36, 37] . van Rooij et al. found that miR-149 was significantly downregulated in AMI, whereas Wu et al. established that human-miR-149 was strongly associated with increased risk of CAD in Chinese Han population [38, 39] .
Furthermore, we explored the diagnostic potential of miRNA-765 and miR-149 by calculating AUC values from the ROC curve. We found that AUC values of miR-765 and miR-149 were significantly higher 0.959, 0.972, 0.938, and 0.977 in stable CAD patients and unstable CAD patients as compared with healthy subjects, respectively. These findings suggested that miR-765 and miR-149 can be used as potential noninvasive biomarkers for diagnosis of CAD patients. Our study also found that plasma levels of miR-765 were significantly ( < 0.005) correlated with age but plasma levels of miR-149 among three groups with different ages were not statistically significant. Recently, it has been demonstrated that miRNAs have significant association with ageing heart [40, 41] .
To minimize possible bias from patient selection, subjects with similar age, gender, total cholesterol, total glyceride, high-density lipoprotein, low-density lipoprotein, systolic blood pressure, diastolic blood pressure, aspartate aminotransferase, alanine aminotransferase, creatinine, cardiac troponin I, creatine Kinase-MB, lactate dehydrogenase, left ventricular ejection fraction, diabetes mellitus, smoking, hypertension, and medication history were recorded in our study. Statistical results showed that they have no influence on plasma miR-765 and miR-149 levels. These data indicated that miR-765 and miR-149 may be potential biomarkers for the diagnosis of CAD.
To reduce possible errors derived from qRT-PCR assays, in preresearch ( = 15), we were using three potential endogenous control miRNAs (U6, miR-cel-39, and miR156a); among them we had chosen miR-156a as a standard inner control. Depending on our own experience, the usage of synthetic mimic miR-156 instead of commonly used celmiR-39 during RNA extraction from plasma of CAD patients can achieve much higher quality of total RNA (OD ratio: 1.8-2.2, nucleic acid concentration 50-500 g). In addition, the usage of endogenous miR-156 instead of commonly used U6 for endogenous control during real time-PCR can obtain more reliable results (Ct value: 18-25) [2, 42] . Furthermore, Ct values of miRNAs expression >35 were not included in our study. Therefore, our results revealed that expression of plasma miR-765 and miR-149 levels was more stable and reliable in the healthy subjects and study groups.
In our study, we demonstrated that hs-CRP levels were significantly increased in stable CAD and unstable CAD patients compared with healthy subjects. High-sensitivity C-reactive protein is used mainly as a marker of inflammation and it is slightly increasing with aging. C-reactive protein levels are positively associated with CAD [43] . Generally, CAD is caused by atherosclerosis. Atherosclerosis is a hyperlipidemia-induced chronic inflammatory process of the arterial wall, involving interleukins (ILs) such as IL-1 , IL-6, tumor necrosis factor (TNF)-, and C-reactive protein (CRP) [44] . Several miRNAs are directly or indirectly regulating endothelial dysfunction and atherosclerosis through their targets such as miR-1 which prevents high-cholesterol induced endothelial dysfunction through myosin light chain kinase (MLCK) expression and extracellular signal regulated kinase (ERK) phosphorylation [45] . MiR-29b suppressed the proliferation and migration of SMCs and prevents atherosclerosis through the inhibition of their targets Mcl-1 and MMP2 [9] . It has been recommended that C-reactive protein levels are significantly decreased in CAD patients following high-intensity statin therapy [46] . However, the relationship between miRNAs and high-sensitivity C-reactive protein is still unknown and needs further study.
The present study provides the first clinical evidence of circulating miR-765 and miR-149 as noninvasive biomarkers for CAD patients. However, several limitations of the present work need to be mentioned. Firstly and most importantly, the present work represents a single-center study using a small sample size of CAD patients. Multicenter large-scale clinical studies will be needed to confirm the potential value of circulating miRNAs as noninvasive diagnostic biomarkers for CAD patients. Secondly, our study was unable to detect the mechanism of upregulation and downregulation of miR-765 and miR-149 in geriatric CAD patients. Finally, measurement of plasma miRNAs requires qRT-PCR, which is expensive and time-consuming. Therefore, less expensive and newer techniques to detect plasma miRNA levels more rapidly can be expected in the near future.
Conclusion
Our results suggested that plasma levels of miR-765 and miR-149 could be potential noninvasive biomarkers for the diagnosis of geriatric CAD patients.
